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INTRODUCTION
It is well known that the central nervous system is involved in a major
percentage of newborn and stillborn abnormalities in the human. In a
study by Anderson,' defects of the central nervous system were found to
occur in 49.5 per cent of congenital malformations incompatible with life.
Frequent abnormalities are myeloschisis and anencephaly, along with the
associated skeletal defects of spina bifida and cranioschisis, ranging in
severity from a slight spina bifida in the lumbar region to an extensive
craniorhachischisis.
The first major study of the embryonic development of human congenital
malformations was done by Mall,' who emphasized the fact that many of
his early abnormal embryos had certain defects which he considered to be
the forerunners of commonly seen malformations at birth. Since he found
varying degrees of failure of closure of the neural folds in his youngest
specimens, Mall concluded that the late fetal spina bifida type of monster is
of similar origin, i.e., that abnormalities of newborn monsters originate
early in embryonic development as deviations from normal development.
Mall went one step further and attempted to discover the causative factor or
factors in the origin of these early deviations by correlating wherever possi-
ble with clinical histories and placental conditions. From this study, Mall
postulated that congenital malformations result from detrimental environ-
mental influences such as nutritional impairment, and that this in turn is
due to faulty implantation in utero caused by maternal disease.
More recently, considerable experimental work has been done with
environmental teratogenic agents in the production of the spina bifida-
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myeloschisis and cranioschisis-anencephaly types of monster complexes.
These abnormalities have been produced with x-rays by Kaven,'8 Russel,'
and Auerbach' in the mouse embryo, and by Warkany and Schraffen-
berger' and Hicks' in the rat embryo; with anoxic conditions by Gallera,7
Naujoks,' and Biichner7 in the chick embryo, by Stockard' in fish eggs,
and by Rothweiler'8 in Triton eggs; with various chemicals by Ancel,'
Bellairs,3 and Catizone and Gray8 in chick embryos; with trypan blue by
Gillman et al.,' Gunberg,'8 and Warkany et al."7 in rat embryos, and by
Hamburgh22 in mouse embryos; with pantothenic acid deficiency by Lefevre-
Boisselot' and Giroud et al.' in rat embryos; with excessive vitamin A by
Cohlan,9 and Giroud and Martinet' in rat embryos; with ultraviolet by
Baldwin' in frog embryos; and with ultrasonic waves by Lutz and Lutz-
Ostertagsl in chick embryos.
While much of the recent work in this field has been concerned with
such aspects as types of teratogenic agents, teratogenic dosage levels,
critical times of action, and to some extent genetic influences, there have
also been attempts to analyse the basic developmental mechanisms involved.
Patten' found marked local overgrowth of neural epithelium in three cases
of myeloschisis in human embryos and suggested that the open neural tube
is the result of local overgrowth interfering with closure. Hamburgh'
compared trypan-blue-induced neural abnormalities in mouse embryos with
similar defects determined by genetic factors. He further demonstrated
that trypan blue injected into pregnant mice does not penetrate the em-
bryonic tissues but is arrested in the yolk-sac epithelium and in Reichert's
membrane. Warkany et al."7 demonstrated a relationship between mye-
loschisis and myelomeningocele in embryos of pregnant rats treated with
trypan blue. When they arranged abnormal embryos and fetuses in order of
increasing gestational age they demonstrated a progression of degenerative
changes by which myeloschisis is transformed into myelomeningocele, thus
strengthening the concept that an open neural plate is the basic anomaly of
myelomeningocele in the human.
Abnormal development of the central nervous system in early chick
embryos infected with influenza A has been reported by Hamburger and
Habel,. Shear et al.,' Heath et al., and Williamson et al.' The neural
defects consisted mainly of micrencephaly (collapsed encephalon) and ab-
normal axis twists. Kung' observed in microscopic studies of abnormal
influenza-infected chick embryos, that development of brain tissue itself
appeared normal except for a few small lesions and that the flattening of the
encephalon, resembling a micrencephaly on gross examination, appeared to
result from collapse of the brain wall associated with a lack of cerebral fluid.
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During the course of a microscopic study of abnormal development in
early chick embryos infected with influenza-A virus, it became evident that
myeloschisis-type abnormalities develop in regions of the neural primordium
which were in plate or fold stages at the time of inoculation (Robertson
et al.'). The present study is concerned with an analysis of influenza-
induced myeloschisis in an attempt to elucidate mechanisms involved in
normal and abnormal neural tubeformation.
TABLE 1. SURVIVAL OF EMBRYOS HARVESTED 24 HOURS AFTER INOCULATION
WITH INFLUENZA-A VIRUS
Time of Total Total
inoculation embryos embryos Per cent
Group (in hours) IDso inoculated inoculated surviving survival
I 43-44 1067_105.7 59 19 32.2
Controls* 43-44 ........ 35 33 94.3
II 48-50 10T2_10O?7 61 45 73.8
Controls* 48-50 ........ 37 35 94.6
III 60 10..2 20 18 90.0
Controls* 60 ........ 18 17 94.4
* Controls injected with normal allantoic fluid.
MATERIALS AND METHODS
A total of 230 chick embryos from flocks of New Hampshire reds was employed at
incubation ages ranging from 43 to 60 hours. The PR8 strain of influenza-A virus was
used, and the size of the inoculum was 0.05 ml. The inoculum was prepared from
virus grown in the allantoic cavity of 12-day chick embryos for 48 hours. The infectiv-
ity titer was determined by inoculating 10-fold dilutions of virus suspension intra-
allantoically into 12-day embryos and testing after 4 days for virus growth as
indicated by agglutination of chicken erythrocytes by the allantoic fluids. The EID50
was calculated by the method of Kirber.Y For inoculation into the early chick embryos
the suspensions were diluted in buffered saline (pH 7.2) to the required infectivity titer.
The eggs were incubated in a forced-draft incubator at 98-99° F. The virus inocula
were injected through the vitelline membrane and over the blastoderm as described
previously for experiments with Newcastle disease virus by Williamson et al.' and
Robertson et al.' Developmental stages were determined, according to Hamburger
and Hamilton,' at the time of inoculation by observation of the embryos in vivo under
24x magnification. Such in vivo observations were not strictly accurate for the staging
of any individual embryo but were adequate to estimate the average stages of various
groups of embryos.
Approximately 24 hours after inoculation, the surviving embryos were harvested,
fixed in Bouin's fluid, stained in dilute alum cochineal, dehydrated, and cleared. All
embryos were then staged and examined under the dissecting microscope for abnor-
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malities. Following this, the embryos were sectioned serially and stained with
Delafield's hematoxylin and erythrosin for microscopic examination.
Of the 230 embryos used, 140 were inoculated with influenza A as described above.
The inoculations were done at three different incubation ages as indicated in Table 1.
The remaining 90 embryos were used as controls. They were divided into three control
groups, and the embryos of each group were injected with normal 12-day allantoic
fluid at the appropriate incubation ages corresponding to the three experimental groups.
After incubation for the experimental period of 24 hours, all surviving embryos were
TABLE 2. MORPHOLOGICAL STAGES OF DEVELOPMENT OF EMBRYOS SURVIVING
24 HouRS AFTER INOCULATION WITH INFLUENZA-A VIRus BASED
ON STAGING OUTLINED BY HAMBURGER AND HAMILTONn
Time of Stages at time Stages 24 hours
inoculation of inoculation* after inoculation
Group (In Hours) Range Mean Range Mean
I 43-44 8-13 11.4 14-17 15.9
Controlst 43-44 9-13 11.4 14-17 16.0
II 48-50 10-14 12.4 13-18 16.7
Controlst 48-50 10-14 11.9 14-18 16.9
III 60 12-16 14.2 17-21 19.4
Controlst 60 12-16 14.3 17-21 19.4
* Incubation temperature was 98-99° F.
t Controls injected with normal allantoic fluid.
harvested, fixed, stained and cleared for staging, and examined for grossly visible
abnormalities under the dissecting microscope. Representative embryos were sectioned
serially for microscopic examination.
EXPERIMENTAL
Survival
The data in Table 1 show the number of embryos surviving in the experi-
mental and control groups 24 hours after inoculation. It is noteworthy that
the survival rate is high (94.3-94.6 per cent) in all three control groups.
In the virus-inoculated groups, however, survival rate is only 32.2 per cent
in the youngest group, 73.8 per cent in group II, but 90 per cent in the
oldest group. Within the variations inherent in the experimental approach
(differences in flocks from which eggs were obtained, seasonal variations,
etc.) the decrease in lethal effects of influenza A appears to be correlated
with increasing age of the embryos within the time range of our experi-
ments. This interpretation is strengthened by the fact that the virus titer
employed was somewhat higher the older the group (see Table 1) and pre-
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vious work (Williamson et al.') has shown a greater effect on survival rates
with higher titers.
Morphologicalstages of development
Embryos were staged according to the staging criteria of Hamburger and
Hamilton.' Since different laboratories use different types of incubators
and slightly different incubation temperatures, any discussion of develop-
mental processes should be based on morphological stages instead of incu-
bation times. In Table 2 the range in stages in each experimental and con-
trol group is given, and in each case the mean stage has been calculated in
the usual manner. It should be emphasized that these means are not accurate
TABLE 3. NUMBER AND PERCENTAGE OF SECTIONED INFLUENZA-INOCULATED
EMBRYOS WITH MYELOSCHISIS
Time of Number of Per cent of
inoculation Number of embryos embryos with
Group (in hours) embryos wlith myeloschisis myeloschisis
I 43-44 17 8 47
II 48-50 30 10 33
III 60 16 1 6
arithmetic means since there is no basis for assuming that successive stages
are arithmetically equidistant. However, the means do give a rough esti-
mate of the morphological stage of development of each group as a whole
andthus simplify thepresent discussion.
The data in Table 2 indicate a similar range in stages in both experi-
mental and control embryos in each of the three groups, both at the begin-
ning of the experiments and at the termination. This means, insofar as the
criteria for staging used by Hamburger and Haniilton'i are concerned, that
the surviving influenza-inoculated embryos reached the same stage of gross
,morphological differentiation as the corresponding control embryos. How-
ever, observations indicate a noticeable stunting of growth in the virus-
inoculated embryos as compared to control embryos.
Abnormalities insurniving embryos
In a previous publication by Williamson et al.,' it was noted that a high
percentage of embryos, inoculated with a critical inoculum of influenza A at
48 hours' incubation, showed grossly discernible abnormalities 24 hours
later. The defects consisted of absence or retardation of the lens and otocyst
as well as abnormalities involving the neural tube such as twisted axis and
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collapsed encephalon. A similar high incidence of abnormalities involving
the same developing organs is evident also in the groups of embryos em-
ployed in the present study. In addition, however, when the 63 serially
sectioned embryos were studied, another defect of special interest was
observed with a much higher incidence in younger than in older embryos.
TABLE 4. TABULATION OF HAMBURGER-HAMILTON AND SOMITE STAGES WITH
CRITICAL EVENTS1 IN THE FORMATION OF THE NEURAL TUBE
CORRELATED WITH THE THREE GROUPS STUDIED
HAMBURGER- NUMBER DEVELOPMENTAL DEVELOPMENTAL CRITICAL EVENTS
HAMILTON OF POSITION OF GROUP POSITION OF GROUP IN
STAGE SOMITES AT BEGINNING AT TERMINATION NEURAL TUBE
OF EXPERIMENT2 OF EXPERIMENT2 FORMATION
7 1 neural folds visible
in head region
8 4 neural folds meet at
o____________________________ ~level of midbrain
9 7 neural folds fuse
in midbrain region
10 10
fusion extends
0cephlad ond caudad
11 13 I anterior neuropore closing
12 16 I posterior neuropore
13 19 present and closing3
14 22 mI
15 24-27
caudal
16 26-28 I neural tube
forming from
17 29-32 1[ end bud
(tail bud)4
18 30-36
19 37-40
20 40-43
21 43-44
According to Hamburger and Hamilton,' Hamilton,' Romanoff,m and our
observations.
'Group designation is placed opposite mean stage, with vertical line indicating range.
8From observations in control series it is evident that the so-called posterior
neuropore comes into existence as such at stage 11 and is closing during stages 12 and
13, but often persists as a minute opening which may be present into stage 16.
' According to Gaertner.'
This type of abnormality will be referred to as myeloschisis and involves
regions of the neural primordium where failure of neural tube formation
appears to be thebasic defect.
Incidence ofmyeloschisis
The number and percentage of influenza-inoculated embryos in which
myeloschisis was noted are tabulated in Table 3. In group I, inoculated at
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FIG. 1. Cross-section of abnormal neural primordium at level of somite 13 in
influenza-infected embryo of group II. The embryo was inoculated at 48 hours'
incubation (temperature 98-99° F.) and fixed at 60 hours (H. and H. stage 13,
19 somites). x240.
FIG. 2. Cross-section of same embryo as in Fig. 1, but further caudal, at level of
somite 16. x240.
FIG. 3. Cross-section of same embryo as in Figs. 1 and 2, but further caudal, at level
of somite 17. x240.
orlp -P.oP-jp ip 0 10 ..4
FIG. 4. Wax reconstruction model of abnormal portion of neural primordium in
influenza-infected embryo of group II. The embryo was inoculated at 48 hours'
incubation (98-99° F.) and fixed at 60 hours. (H. and H. stage 16, 27 somites.)
Cross lines indicate levels of Figs. 5 and 6. x80.
FIG. 5. Cross-section of same embryo as in Fig. 4, at level of somite 24. x200.
FIG. 6. Cross-section of same embryo as in Fig. 5, but further caudal, at level of
somite 27. x200.
FIG. 7. Same as Fig. 5, but at higher magnification. x550.Myeloschisis by influenza virus ROBERTSON, WILLIAMSON, BLATTNER
43-44 hours' incubation, 8 of 17 embryos (47 per cent) show myeloschisis.
In group II, inoculated only a few hours later (48-50 hours), 10 of 30
embryos (33 per cent) are involved. In group III, which is the oldest
group inoculated (at 60 hours), only one of 16 embryos (6 per cent) has
the defect. Thus, it is evident that the incidence of myeloschisis in influenza-
inoculated embryos is higher in younger than in older embryos, at least in
the age range of 43 to 60 hours. In addition, the cephalocaudal extent of
the defect generally is more extensive theyounger theembryos.
Cephalocaudal extent ofmyeloschisis
The correlation of progressive restriction in extetit of involvement of the
neural tube with increasing age at inoculation closely parallels events in the
development of the neural tube (see Table 4). The closure of the neural
folds to form the neural tube normally begins during stage 8 at the level of
the midbrain and progresses thence both cephalad and caudad. The forma-
tion of the cranial portion of the neural tube is complete when the anterior
neuropore closes off, and this is accomplished by stage 12. Failure of com-
plete closure of the encephalon was observed in some of the virus-inoculated
embryos of groups I and II in addition to the collapsed micrencephalic con-
dition. Further investigations on the abnormalities of the developing brain
will bereported later.
In the future spinal cord region of the neural primordium, the neural
folds normally meet and fuse in a progressively cephalocaudal direction with
complete closure of the caudal end of the neural tube by stage 17. It should
be noted, however, that all of the neural tube is closed off except for the
posterior neuropore during stage 11. The posterior neuropore closes off
during stages 12 and 13 according to gross observations, but microscopic
examination indicates that a minute opening may sometimes persist as late
as stage 16. The correlation of these normal developmental events with the
time of virus inoculation and subsequent disturbance of formative processes
indicates that (i) myeloschisis occurs only in embryos inoculated prior to
the stage at which the neural tube has formed in its entirety, and (ii) the
defect is present only in those regions not closed off into a tube at the time
of inoculation.
The abnormal neural primordia vary in shape from an almost flat plate
to a neural-fold type of configuration, or curve in a direction opposite to
normal; or the presumptive basal-plate regions are rolled up into a tube
with the presumptive alar-plate regions remaining flattened and exposed
dorsally. There is, however, a consistent cephalocaudal pattern of shape
variation regardless of the length of the defect. At the cephalic end of the
defect the neural primordium is U-to V- shaped for a short distance (Fig.
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1). Caudal to this the V-shape is broader (Fig. 2) with the deep surface of
the neural epithelium more extensive than the free surface. This portion is
variable in length depending on the length of the entire defect, but is longest
in those embryos with more than the minimum defect, and the broadening
of the V shape is more accentuated caudally. This broad V shape may
extend to the caudal end, but in many the caudalmost region is T-shaped
with a lumen in the stem of the T. This represents a closure of the pre-
sumptive basal-plate regions, with the presumptive alar-plate regions re-
maining flattened (Fig. 3). Figure 4 is a photograph of the dorsal surface
of a model of the caudal region of the neural primordium, extending caud-
ally from the level of somite 17, in an influenza-inoculated embryo from
group II. The two indicator lines show the levels of the sections in Figures
5 and 6.
Histopathology
The abnormal neural epithelium is characterized by varying degrees of
(i) cellular degeneration, (ii) sloughing of degenerated material, and (iii)
piling-up of nuclei in the germinal zone. These manifestations of viral
activity are more extensive in the presumptive alar-plate than basal-plate
regions.
The cellular degeneration includes cytoplasmic degeneration but is char-
acterized chiefly by an increase in nuclear and/or other basophilic material
in the form of irregular pycnotic masses (see Figs. 1-3, 5-7). In some
regions there is extensive sloughing of this material, especially at the
cephalic end of the defective area where the neural primordium is U- or
narrow V-shaped (Fig. 1). In other regions sloughed material is not
extensive or may be absent. In all cases the basal regions are less involved
than the more dorsal regions which represent the apical regions of the neural
folds.
The piling-up or accumulation of a greater than normal number of
nuclei in the germinal zone of the neural epithelium is marked in the dorsal
(alar) regions as compared to the ventral (basal) regions. This difference
is most marked in the caudal T-shaped primordium in which the basal
region has closed off to form a tube (Fig. 7). The possible significance of
this difference will be discussed below.
Growth
As stated previously, the virus-inoculated embryos develop to approxi-
mately the same over-all stage of morphological differentiation but not to
the same size as control embryos. For example, the same number of
somites develop as in the corresponding control embryos, but each somite
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is somewhat shorter, and the difference in length of the neural primordium
is roughly proportional. In an attempt to discover if localized changes in
growth pattern in the neural primordium might be correlated with the
development of myeloschisis, it was necessary to compare cross-sectional
areas of the experimental with the control. This was done by making
serial projection drawings of the neural primordium extending from the
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FIG. 8. Curves indicating average cross-sectional areas in the neural segments
opposite the somites. The areas are expressed in square inches for the projection
drawings done at x300 magnification. The arrow indicates the average anterior extent
of myeloschisis in the three virus-inoculated embryos measured. Curves for individual
embryos vary only slightly from the average.
level of the cephalic end of the first somite to the caudal end of the last
somite. The areas were then determined from planimetric measurements
and averaged for the segments of the neural primordium opposite each
somite. These measurements were made on three virus-inoculated and
three corresponding control embryos from group II, and the averaged
results are depicted by graph in Figure 8. It is evident that the average
cross-sectional area is greater in the experimental than in the control in the
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portion of the neural tube opposite the first 13 somites. However, the
caudal portion extending from the level of the 14th somite is less extensive
in average cross-sectional area in the experimental, and the myeloschisis is
in this area extending caudally from the 20th somite. It is obvious, then, in
these embryos that the region of myeloschisis is not one in which overgrowth
is a phenomenon, at least at the stage at which these embryos were har-
vested. This conclusion is strengthened by the fact that a comparison of
normal and abnormal regions in the experimental indicates that the average
cross-sectional area in the abnormal region is less than in most of the neural
tube anterior to the defect.
DISCUSSION
The basic mechanisms involved in the process of neurulation (neural
tube formation) are not clearly understood, but there is a considerable
amount of experimental work which can be related to the problem, either
directly or indirectly. A basic consideration is the fact that during the
process of folding and closure of the neural epithelium the deep (proximal)
surface becomes progressively more extensive than the free (luminal or
distal) surface. This difference was originally thought to be due to a dif-
ferential in fluid uptake by the neural epithelium (Glaser,'7 Hobson'), but
density studies by Brown et al.' on amphibian embryos indicate that folding
processes canoccur without differential fluid imbibition.
A differential in proliferative activity was thought by Derrick' to play a
role in neurulation in the chick embryo since she found a greater number of
mitoses in lateral regions of the medullary plate just prior to and during
neural fold formation. However, Corliss and Robertson'0 found no lateral-
medial differential in the medullary plate just prior to neural fold formation
but a relative increase in mitotic density in presumptive basal-plate as com-
pared to alar-plate regions during neural fold and tube formation. The
mitotic density remains higher in the ventral half than in the dorsal half of
the formed neural tube at least until 72 hours according to Hamburger.'
From these observations, it seems apparent that increased mitotic density
cannot be correlated directly with the process of neural fold formation.
This conclusion is strengthened by the fact that the alar regions are more
susceptible to influenza-A virus at a developmental time when the mitotic
density is less than in the future basal regions. This seems to indicate that
the differential susceptibility is due not to a mitotic difference but to some
other mechanism which is essential for neurulation, and that this mechan-
ism, whatever it may be, operates more actively in the alar than in the basal
regions.
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If neurulation results from some mechanism operating more actively in
future alar tissue, it is noteworthy that nuclei accumulate in the germinal
zone of presumptive alar tissue in areas of myeloschisis in influenza-
infected embryos. This abnormal piling-up of nuclei may be the result of
disruption of a mechanism normally concerned directly or indirectly with
neural tube formation. Sauer' indicated from histological studies of the
early neural tube that the nucleus of the neural epithelial cell migrates
towards the germinal zone as it rounds up in prophase. Prior to the begin-
ning of mitosis the nucleus is ovoid in a long slender cell which is anchored
firmly at the luminal surface by a terminal bar network. The rounding-up
of the nucleus at the beginning of prophase results in the rounding-up and
consequent shortening of the cell. Since anchorage is firm at the luminal
surface the shortened cell comes to lie in the germinal zone where the
mitotic division is completed. Following this, the daughter nuclei migrate
towards the deep surface of the epithelium and become ovoid nuclei in tall,
slender pyramidal cells which are narrow at their apical ends and broader
towards their deep ends. This concept of nuclear migration has been
strongly confirmed recently in separate studies using three different tech-
nical procedures: the colchicine method by Watterson et al.,' micro-
spectrophotometric measurements for DNA by Sauer and Chittenden,'1 and
radioautographic demonstration of DNA after treatment with tritiated
thymidine by Sauer and Walker.' While these studies have been done at
stages of development shortly after neural tube formation, it seems likely
that the same mechanism is operating prior to and during neural tube for-
mation when all of the neural epithelial cells are considered to have pro-
liferative potencies. The differential in susceptibility to influenza-A virus
at the time of neural fold activity may be the result of a more rapid rate of
nuclear migration in the alar regions. The lower mitotic density in the
germinal zone of the alar wings at this stage (Corliss and Robertson')
could also be considered as the result of a more rapid rate of nuclear migra-
tion before and after cell division. It is interesting to note that Watterson
et al.' found almost every cell in the alar region to be in metaphase when
a colchicine block was maintained for 7y2 hours in 2-day chick embryos.
While it is possible that nuclear migration may result in changes in cell
shape which in turn result in the folding process of neurulation, it is also
possible that all of these phenomena may result from differential contraction
of intracellular and/or intercellular fibrous elements. In the neural tube of
early chick embryos, Spratt" has demonstrated the presence of specifically
oriented intercellular fibers which are cytoplasmic or plasma membrane
extensions of the neural epithelial cells. Also, it is possible that the terminal
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bar network described by Sauer'0 may play a role in neurulation by having
a restrictive effect on the ends of the epithelial cells at the luminal surface.
The characteristic myeloschisis in the influenza-infected chick embryos
appears to be due to an inhibition of formative processes, involving perhaps
one or more of the mechanisms discussed above. However, the phenome-
non of overgrowth should be considered since Patten' postulated this as
the probable mechanism involved in the origin of similar abnormalities in
the human embryo. Hamburgh' found hypertrophy of neural tissue in
regions of neurulation failure in embryos from pregnant mice subjected to
trypan blue treatment. Warkany et al.'7 have described the typical eversion
of the open tube induced by trypan blue in the rat and have demonstrated
clearly the extensive overgrowth of neural tissue. The cross-sectional view
of the open primordium in the influenza-inoculated chick embryos is of a
similar nature, except that the appearance of hypertrophy does not seem
marked, at least from visual microscopic observations. The measurements
described above indicate that the abnormal regions in these virus-inoculated
embryos are not hypertrophied, but are in fact somewhat smaller than com-
parable areas in control embryos. It should be emphasized that all of these
embryos were fixed for microscopic study 24 hours after virus inoculation,
and there is the possibility that hypertrophy might occur in the open neural
epithelium of embryos infected over longer periods of time. However, it is
evident that the origin of the typical myeloschisis in influenza-infected chick
embryos is due not to hypertrophy of neural epithelium but to an inhibition
of the mechanism(s) responsible for the process of neural tube formation.
SUMMARY
Chick embryos at incubation ages ranging from 43 to 60 hours were
inoculated over the blastoderm with the PR8 strain of influenza-A virus.
Survival rates at 24 hours after inoculation indicate that the younger
embryos are more susceptible to the lethal effects of the virus than the older
embryos. Those surviving, however, develop to the same stage of gross
morphological differentiation as control embryos, but with some growth
inhibition.
Abnormalities occurring in the embryos 24 hours after virus inoculation
include collapsed encephalon and myeloschisis as well as absence or retarda-
tion of lens and otocyst. The myeloschisis was studied intensively in serially
sectioned embryos.
The incidence as well as the cephalocaudal extent of myeloschisis is higher
in the younger than in the older embryos. It is evident that myeloschisis
occurs only in embryos inoculated prior to the stage at which the neural
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tube has formed in its entirety, and further, that it is present only in those
regions of the neural primordium not closed off into a tube at the time of
inoculation.
The abnormal neural epithelium is characterized by varying degrees of
(i) cellular degeneration, (ii) sloughing of degenerated material and (iii)
piling-up of nuclei in the germinal zone. These manifestations of viral
activity are more extensive in the presumptive alar-plate than basal-plate
regions.
Possible mechanisms in normal neural tube formation are discussed in
relation to the virus-induced myeloschisis. Such mechanisms include nu-
clear migration, changes in cell shape, as well as differentials in proliferative
activities and contractility of intracellular and intercellular fibrous elements.
It is thought that the virus-induced defect results from an inhibition of one
or more of these mechanisms. Measurements of serial projection drawings
of cross-sectional views of the neural primordium indicate that overgrowth
is not the mechanism involved in the origin of the typical influenza-induced
myeloschisis.
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